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T he molecules of a fluid tend to adhere to solid surfaces even if the fluid is flowing at a high speed. This no-slip condition is the cause of substantial frictional drag, which dictates the fuel consumption of vehicles and the pumping costs for pipeline flows. A potential way of reducing drag in water flows is to create superhydrophobic surfaces, which consist of special coatings that contain air pockets at the solid-fluid interface, allowing the water to slip more readily. However, this slip effect is usually small, and when such surfaces are immersed in water, the trapped air is typically quickly flushed away. Writing in Science Advances, Saranadhi et al. 1 make use of the discovery 2,3 that heating a superhydrophobic surface can cause it to become engulfed in a stable vapour layer. The authors demonstrate that, under such conditions, surprisingly large slip amplitudes are maintained for extended times.
The non-wetting properties of hydrophobic surfaces can be greatly improved by introducing micro-or nanoscale surface roughness. This allows air to be trapped in the surface recesses and, like water on a lotus leaf, the droplets in contact with such materials remain highly mobile. However, when the material is completely immersed in water, the trapped air will eventually diminish, and water molecules will adhere to the surface. To extend the lifetime of the super hydrophobic nature and desired slip properties of a material, air (or another gas) needs to be replenished at the surface.
One way of coating a submerged surface with a gas film is to rapidly heat it. Just above the fluid's boiling point, vapour forms as individual bubbles at the hot surface -a process called nucleate boiling. When the surface temperature is further increased above what is called the Leidenfrost temperature, boiling produces a continuous vapour film. For normal materials, the Leidenfrost temperature is much higher than the fluid's boiling point, and, when the material is cooled, the film suddenly collapses, causing the system to return to nucleate boiling. By contrast, when a superhydrophobic surface is heated to a high temperature and subsequently cooled, the vapour film persists -even down to the liquid's boiling point -and the system can avoid nucleate boiling 2 . By using this method 3 , vapour layers can be sustained on preheated super hydrophobic spheres falling through water, and the drag can be reduced by as much as 75% compared with that on ordinary (non-superhydrophobic and unheated) spheres.
Saranadhi and colleagues have pushed these developments a decisive step further, establishing that vapour films can be sustained indefinitely under water as long as the superhydrophobic surface is continuously heated. Surprisingly, the authors found that the films remain intact and functional, even in a turbulent flow environment in which the solidfluid interface is subjected to severe fluctuating stresses -conditions under which ordinary screened for those that could enhance parietalcell differentiation. Transient inhibition of the MEK signalling pathway increased expression of genes specific to parietal cells, and the effect was enhanced by treatment with the growthfactor protein BMP4 (Fig. 1) .
This study is a landmark in the elucidation of the tightly regulated cascades of signals that dictate human gastric-corpus development. However, the organoids resemble a fetal stomach and do not entirely re capitulate the mature, fully differentiated gastric corpus. Thus, they may not be directly applicable for clinical use in regenerative medicine or as experimental models (for instance, to study interactions between epithelial cells and microbes).
For example, chief cells in these organoids look immature. In addition, serial rounds of passaging -in which organoids, to prevent overgrowth, are split into new tissue culture dishes -led to a gradual loss of parietal cells, and the recipe for inducing their development (treatment with a MEK inhibitor and BMP4) could not reinduce growth. This limitation is important, because passaging is crucial for expanding a small population of starting cells from an individual, to generate sufficient organoids for experimentation or tissue for transplants. It has been shown 9 that human intestinal organoids derived from ES cells undergo further development when implanted under the kidney of a mouse (a site conducive to organoid growth), suggesting that their maturation requires signalling molecules not present in culture. McCracken and colleagues did not transplant their organoids in this way. Whether this would result in further maturation remains to be seen.
Nevertheless, this work has major implications for studying the healthy gastric epithelium and how it responds to injury. For example, mature epithelial cells in the adult corpus can undergo reprogramming to a more immature, less differentiated state in response to injury 10 in an effort to repopulate the epithelium. This restorative process relies on the coordinated regulation of developmental signalling pathways. By identifying some of those signals in normal development, the current study may well provide further insights into how this repair takes place.
Of particular interest is how the stomach responds to gradual parietal-cell loss. The disease autoimmune gastritis causes the body's immune cells to attack and kill parietal cells. Moreover, parietal-cell loss caused by infection with the bacterium Helicobacter pylori increases the risk of developing gastric cancer 11 . McCracken and colleagues' findings might provide information about how developmental pathways that modulate repopulation of the gastric corpus with parietal cells could be activated or inhibited in these chronic inflammatory states. They might also help researchers to identify the cell types that act as sources for the crucial factors that regulate these pathways. As our molecular toolbox continues to expand, thanks to efforts such as those of McCracken and colleagues' we can begin to address these fundamental unknowns. ■ José B. Sáenz and Jason C. Mills 
P E YS E R & J E N N I F E R R . G R A N D I S
T he classification of cancers of the oesophagus and stomach into different subtypes for different treatments is a subject of debate in the cancer community. Conventionally, these cancers have been classified according to the positions at which they arise in the body. On page 169, an international collaboration, the Cancer Genome Atlas Research Network, presents a comprehensive genomic analysis of human oesophageal squamous-cell carcinomas (ESCCs) and oesophageal adenocarcinomas (EACs) 1 . These are the two major subtypes of oesophageal cancer recognized according to microanatomical categorization, and together they cause more than 400,000 deaths worldwide each year 2 . The study reveals previously unknown genomic aberrations -a discovery that may lead to more-rational clinical trials for oesophageal cancer treatments. Furthermore, it provides evidence that oesophageal and gastric cancers should be stratified by molecular features, rather than by anatomical site.
The Cancer Genome Atlas Research Network (https://cancergenome.nih.gov) produces open-access genomic data about human cancers. Together with other similar projects, it has revealed the genomic landscape of many types of human cancer across nearly all organ sites, confirming some previously understood similarities and differences between cancers and uncovering unexpected molecular profiles that might lead to new avenues for cancer prevention and treatment 3 .
In the current study, the consortium first demonstrated that ESCCs and EACs have distinct molecular profiles through superhydrophobic surfaces would quickly degrade.
In the authors' experiment, preheated water was contained in the gap between two concentric cylinders and driven by rotation of the inner cylinder (Fig. 1) . The superhydrophobic surface of the inner cylinder was heated to 160 °C and a stable vapour layer formed, reducing drag by up to 90% compared with that on an ordinary surface. Saranadhi et al. calculated that the amount of slip at the heated surface was approximately 100 times larger than the maximum slip obtained using standard superhydrophobic surfaces. They attributed this result to the unusually large thickness of the vapour layer (about 50 micrometres) and the fact that the layer fully encloses the surface -including its microstructure, which in unheated superhydrophobic surfaces would be partially exposed to the surrounding liquid.
Materials that can sustain large slip amplitudes in macroscopic flows have long been sought. At present, these materials work only under special conditions (in this case, high temperature) and are unlikely to find widespread application. Additionally, replenishing the vapour film currently consumes more energy than is saved by the reduction in drag. Nevertheless, the emergence of materials that, in principle, can provide partial slip at solid-fluid interfaces is a big step forward and will spur further research.
The authors' results might also be relevant to research on turbulence. In wall-bounded flows (such as pipes), turbulence is essentially sustained by the friction between the fluid and the wall. Introducing partial slip and observing how turbulence adapts to these new conditions could provide fundamental insights into the turbulence-sustaining mechanism.
The quest for materials that promote lowfriction fluid transport bears some resemblance to the search for room-temperature superconductors 4 (materials with zero electrical resistance). Whereas present-day superconductors 5 work only at temperatures below 0 °C, for their classical-physics counterpartfluid-drag reduction -the largest sustained slip obtained by the authors occurs at temperatures above room temperature. 
